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Summary 24 In a restored wetland (South of Spain), where different flow regimes control water exchange 25 with the adjacent Guadalquivir estuary, the native Palaemon varians coexists with an exotic 26 counterpart species Palaemon macrodactylus. This controlled macrocosm offers an excellent 27 opportunity to investigate how the effects of water management, through different flow 28 regimes, and the presence of a non-native species affect the aquatic community and the trophic 29 niche (by gut contents and C-N isotopic composition) of the native shrimp Palaemon varians. 30 We found that increased water exchange rate (5% day -1 in mixed ponds vs. 0.1% day -1 in 31 extensive ponds) modified the aquatic community of this wetland; while extensive ponds are 32 dominated by isopods and amphipods with low presence of P. macrodactylus, mixed ponds 33 presented high biomass of mysids, corixids, copepods and both shrimp species. An estuarine 34 origin of nutrients and primary production might explain seasonal and spatial differences found 35 among ponds of this wetland. A combined analysis of gut contents and isotopic composition of 36 the native and the exotic species showed that: (1) native P. varians is mainly omnivorous (2) 37 while the non-native P. macrodactylus is more zooplanktivorous and (3) a dietary overlap 38 occurred when both species coexist at mixed ponds where a higher water exchange and high 39 abundance of mysids and copepods diversifies the native species" diet. Thus differences in the 40 trophic ecology of both species are clearly explained by water management. This experimental 41 study is a valuable tool for integrated management between river basin and wetlands since it 42 allows quantification of wetland community changes in response to the flow regime. 3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65   INTRODUCTION  1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 mixing models to quantify the contributions of different sources to consumers have greatly 73 facilitated the investigation of aquatic food webs (Parnell et al., 2010) . However, there have 74 been relatively few studies estimating the ecological impacts of management practices, such as 75 the effects of the flow regime regulation and the introduction of non-native species in food web 76 dynamics (Kingsford 2000; Coll et al., 2011) .The reconstructed wetlands of Veta La Palma (on 77 the west bank of the Guadalquivir estuary, SW Spain), that are used for extensive and semi-78 extensive aquaculture by regulating water exchange with the Guadalquivir estuary, offer an 79 excellent opportunity for testing how water regulation influences species composition in the 80 aquatic community. Water flow from the estuary allows for recruitment of the non-native 81 species P. macrodactylus Rathbun, 1902 (Gonzalez-Ortegón et al., 2010 This study explores how water flow management in reconstructed wetlands and the 85 introduction of the non-native shrimp P. macrodactylus determine aquatic community 86 composition and influence the trophic niche of the native P. varians. We estimated density of 87 aquatic fauna, studied gut contents of both shrimps species and analysed food web faunal and 88 source samples seasonally and in individual ponds using isotope mixing models. We 89 hypothesised that different water exchange rates could lead to shifts in the community structure 90 and affect the type of food resources consumed by the two shrimps species in the food webs of 91 the wetland. Secondarily, the density and feeding habits of the native species Palaemon 92 varians should be affected mainly by the introduction of the non-native species Palaemon 93 macrodactylus. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 MATERIAL AND METHODS
97
In the 3000 ha of reconstructed wetlands at Veta La Palma (VP) two pond management 98 systems are operated ( Fig. 1) . In mixed ponds, water enters a row of smaller ponds (0.6 ha 99 each) where semi-extensive aquaculture is performed prior to entering the large 70 ha 100 extensive aquaculture ponds; here water flow rates are higher, resulting in a exchange rate in 101 the extensive ponds of 5% day -1 . In purely extensive aquaculture ponds, with no prior 102 aquaculture activity, water exchange rates are 0.1% day -1 . Water exchange occurs daily during 103 the year, with the exception of the period between November and February. The differences in 104 water exchanges rates between mixed and extensive pond determined the spatial and temporal 105 salinity patterns in these two pond systems (Fig. 2 ). Three mixed pond systems (A3, B3 and 106 A5) and two purely extensive ponds (A7 and B7) were seasonally sampled 4 times (1-4 May 107 2011, 25-29 July 2011 , 1-4 November 2011 , and 20-24 February 2012 Phragmites australis and Ruppia maritime, were sampled. Benthos was sampled using a 113 cylindrical corer (32cm 2 ) and box corer (240cm 2 ). The top 5 mm of sediment layer was 114 carefully sampled from the benthic corer as a proxy of periphyton. Suspended particulate 115 organic matter (POM) as a proxy of phytoplankton was sampled by taking water samples 5 cm 116 under the pond surface, passing through a 100 µm mesh and then vacuum filtering through pre-117 combusted GFF filters. Zooplankton tows were performed using mesh sizes of 200 µm and 500 118 µm. "Nasa" traps (Fyke type, funnel-mouthed bag traps) with 3 mesh sizes: 1 mm, 5 mm and 119  1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 Shrimp biomass was sampled seasonally 4 times during the year (4-8 July 2011 , 7-11 121 November 2011 , 20-24 February 2012 , and 14-18 May 2012 For prey items where C or N content was so low that it decreased the precision of the isotopic 141 analysis, mean values pooled across samples from the same pond or from the same pond 142 system and its standard deviation were instead. When C:N ratios were greater than 3.5, muscle tissue samples were corrected for lipid content as this was found to influence δ 13 C values (Post 144 et al., 2007) . Diet -consumer 13 C discrimination (Δ 13 C) ± standard deviation was 1.3 ± 0.85‰ 145 for consumers analyzed as muscle tissue. Similarly Δ 15 N was 2.9 ± 1.24‰ for consumers 146 analyzed as muscle tissue (McCutchan et al., 2003) 147 Gut contents analysis 148 The feeding habits of P. varians and P. macrodactylus were assessed by analysing gut contents 149 under a binocular microscope. Spatial differences in their diet of both species were studied by (mixed and extensive) and month were used as main effects; when water management was 161 tested, the design had "pond" as a factor nested in "type of flow regimes". Individual effects 162 (as a random effect) were included in all analyses. However, the variation in diet for 163 individuals was quite low indicating that the majority of the total variation in shrimps' diets 164 was driven by water management or month. Trace plots and the diagnostic tests Gelman -1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 For each species of shrimp in each pond and month, the estimated median contribution (the 168 median source contribution value for each source) and 95% Bayesian credible intervals of the 169 likely contribution of each prey item to the tissue composition of the consumer were 170 calculated. A multivariate approach to the analysis of seasonal, spatial (ponds) and water 171 management differences in the community structure, diet composition and isotopic 172 composition of macroinvertebrates was followed using the PRIMER 6.1 (Plymouth Routines in 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 The aquatic macroinvertebrates community of reconstructed wetlands of Veta La Palma during 191 the study was strongly dominated by crustaceans; copepods (6440 ind m -2 ) and mysids (635 192 ind m -2 ) were the most abundant groups (Fig.3) while, in terms of biomass, shrimps (5.05 gm -2 193 of P. varians and 2.79gm -2 of P. macrodactylus), isopods (0.37 gm -2 , especially Lekanesphaera 194 sp.) and mysids (0.18 gm -2 ) dominated the community (Fig.3) . Fig.4) ; P. macrodactylus was found almost exclusively in mixed ponds only (5.57 g m -2 ) vs. 206 extensive ponds (0.01 g m -2 ). In contrast, the native P. varians was found at similar density in 207 both the extensive (5.93 g m -2 ) and mixed (4.18 g m -2 ) ponds. Thus, the comparative analysis 208 between the two shrimp species was focused on the mixed ponds.
188

RESULTS
189
Fauna composition and densities
209
When we tested the differences in the aquatic community using the fauna collected by lift nets, 210 spatial differences between ponds were detected, in addition to seasonal and water 211 management differences. Most of the differences were found between the mixed pond B3 and 212 the extensive ponds A7 and B7 (both of them R=0.5, p<0.01), and the mixed pond A3 and the 213 extensive ponds A7 and B7 (both of them R=0.2, p<0.01). 3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 Gut contents 215 Gut contents of both species were grouped better by water management (R=0.47; p=0.01) than 216 by ponds (R=0.28; p>0.05) or by species (R = 0.07; p>0.05) (Fig. 5) . The low intraspecific 217 variability of gut contents of P. varians was explained by differences in water management 218 (21% of dissimilarity; R = 0.48; P=0.2). These differences were due to a higher presence of 219 ostracods in the gut contents of shrimp from mixed ponds and of isopods and pollen granules 220 in those sampled at extensive ponds (Table 1) .
221
Interspecific Overlap 222
Similarity of the frequency of occurrence of the different prey in the gut contents was used as a 223 measure of dietary overlap. SIMPER analysis showed a larger trophic similarity in the diet of 224 both species (Mean Bray-Curtis similarity index, 82% ± 8.5). Also inter-specific similarity 225 (84%) was higher than P. macrodactylus(81%) and P.varians (82%) intra-specific similarities.
226
When differences in diets between both species were tested, ANOSIM analyses did not show 227 significant differences (R = -0.31; P>0.05). The highest contributions to this trophic overlap 228 were the mysid Mesopodopsis slabberi and rest of sediment. On average, the most common 229 prey in P. varians (74%) and P. macrodactylus (69%) guts was the mysid M. slabberi (Table   230 1). Besides that, two other groups of prey were consumed by both species with similar FO: 231 sediment (39% and 44%, respectively) and copepods (28%). The dissimilarity, although low, is 232 explained in the mixed ponds by the higher occurrence of corixids and amphipods found in the 233 gut contents of P. macrodactylus, versus a higher occurrence of isopods and the presence of 234 pollen only in P. varians. 236  1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 winter and summer both in POM (from 2.65 to 6.37; R=0.76 p<0.01) as in sediment (from 8.67 239 to 10.9; R=0.97, p<0.01). Although less significant, the carbon isotopic signature of POM 240 explained also this seasonal variation.
235
Isotopic composition: primary producers, potential prey and shrimps
241
In the same way than POM, seasonal differences of carbon isotopic signature of potential prey 242 of P. varians and P. macrodactylus were higher than spatial ones. These differences were more 243 significant between winter and summer (R=0.42, p=0.02).
244
Isotopic signatures of the consumer P. varians showed significant differences with water 245 management (R=0.59, p<0.01) and among ponds (R=0.32, p=0.01) ( Fig. 6 and Table 2 ).
246
Among ponds, the differences were found exclusively between extensive and mixed ponds: 247 mainly between the extensive pond B7 with all the mixed ponds (R=0.7-0.9, p<0.05) and 248 between the extensive pond A7 and the mixed pond B3 (R=0.5, p<0.05). In both cases, 70% of 249 this spatial difference was explained by higher 15 N values for P. varians in mixed (15.3 ‰) 250 versus extensive (12.8 ‰) ponds. In the case of the exotic species P. macrodactylus, a 251 significance variance occurred among months (R=0.37, p=0.01). This seasonal difference was 252 explained by lower 15 N values in winter (15‰) than in the rest of months (16.2‰).
253
A comparative analysis of the isotopic signatures between native and exotic shrimps in those 254 ponds where both species were abundant (mixed ponds A3 and B3), showed significant 255 differences (R=0.39, p<0.01) (Fig. 6b) ; the more depleted 13 C values in P. macrodactylus (-256 19.5 ‰) than in P. varians (-18.1 ‰) explained 79% of the interspecific differences in the 257 mixed ponds.
258
In summary, seasonal differences were explained by a higher 15 N values found in the primary 259 producers from water column and in P. macrodactylus in summerversus winter, while spatial 260 differences were due to higher 15 N values found in P. varians in mixed ponds versus extensive 261 ponds. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 Stable Isotope Analysis in R (MixSIAR) 263 The MixSiar model predicted that both consumers had relatively similar diets in mixed ponds, 264 although spatial (Table 3: varians was mostly driven by water exchange with the Guadalquivir estuary ( Fig. 7 and Table   269 3): in extensive ponds they consumed more plant material especially phytoplankton (POM: 270 12.3%) and less mysids (5%) while in mixed ponds the diet consisted of less phytoplankton
271
(1.7%) and more mysids (16.4%), despite the presence of the exotic species P. macrodactylus 272 (Table 3) . 273 Thus, although the credibility intervals of food source contributions increase uncertainty, these 274 models indicated that P. macrodactylus was more zooplanktivorous (consumed more copepods 275 and mysids) while P. varians tended to be more omnivorous. In addition, the very large range 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 mixed ponds. In contrast, the high flow of water exchange with the estuary in mixed ponds 287 resulted in similar salinity values between the wetland and the estuarine water at this height of 288 its basin and a higher abundance of estuarine fauna such as mysids and the non-native species 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 P. macrodactylus (González-Ortegón et al., 2013) . In this way, the higher temperature 312 variability over short periods in closed wetland systems compared with estuaries may explain 313 the absence of estuarine shrimp species P. macrodactylus and P. longirostris in the extensive 314 ponds with limited water exchange (Gonzalez-Ortegón et al., 2006; 2010) . Also, the broader 315 physiological tolerance and more efficient metabolism of P. macrodactylus compared to the 316 estuarine species P. longirostris (González-Ortegón et al., 2010; 2013; Lejeusne et al., 2014) 317 and the continuous supply of P. macrodactylus recruits pumped directly into the mixed ponds 318 from the Guadalquivir source population, accompanied with the availability of estuarine prey 319 such mysids would explain the successful colonisation (high abundance) of this largely 320 carnivorous non-native species (González-Ortegón et al., 2010) in the mixed ponds.
321
The input of estuarine water into the Veta La Palma wetland may explain the seasonal as prey of the both shrimps species indicate that these producers were the main carbon source 333 for the shrimp´s prey. However, the fact that seasonal isotopic signature differences were not 334 observed in P. varians but were in P. macrodactylus, is probably due to probably due to the 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 in contrast to the resident population of P. varians. While the spatial difference in P. varians 337 may be attributed to a higher influx of enriched nitrogen sources in mixed ponds than in 338 extensive ponds.
339
Intraspecific variability may have important implications for how populations respond 340 to different environmental contexts (González-Ortegón and Giménez, 2014) . The trophic shift 341 noted in the native P. varians, revealed by its isotopic composition, appears to be the result of a 342 change of feeding strategy. The large range of food source intakes predicted by the MixSiar 343 models correspond with an opportunistic trophic behaviour, where the main variability in the 344 dietary contribution of P. varians was driven by water management. This native species is 345 mainly benthonic in the extensive ponds, but was able to diversify to feed on pelagic prey 346 (mysids and copepods) in the mixed ponds, where the densities of these prey are higher, 347 despite competition from the more carnivorous P. macrodactylus which is also feeding mainly 348 on mysids.
349
Although the analysis of gut contents did not provide clear differences in the diet of 350 both species, it did confirm the range of ingested species. Gut contents can be highly variable 351 due to the difficulty in identifying partially digested prey, the variation in assimilation rates, 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 However, to further reduce uncertainty, future studies could be combined with other trophic 361 markers such as fatty acids (Leduc et al. 2009 ).
362
In conclusion, the rate of introduction of the estuarine water determined the 363 physicochemical conditions and the aquatic community composition within the Veta La Palma 364 wetland. Seasonal variation in the primary producers and the spatial differences in the 365 consumer P. varians make the estuarine waters as a significant source of nutrient and primary 366 producers in this wetland. The resistance of the aquatic community of this wetland was 367 strongly determined by the omnivorous feeding habits and extreme physiological tolerance of 368 its species to shallow and lentic habitats. In this way, the native European species P. varians 369 plays an important role in the stability of the aquatic faunal community. The trophic niche of 370 Palaemon varians appears not to be shrunk by the presence of the potential competitor P. 371 macrodactylus, in fact diversifying and spreading to more pelagic prey when these prey 372 densities increase, resulting in some dietary overlap with P. macrodactylus .   373   374  1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65  1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65  1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 connections. Mar Ecol Prog Ser 2009; 383:95-111 .  1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 Scheffer M, Nes EH van. Mechanisms for marine regime shifts: Can we use lakes as 3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 copepods, corixids, mysids, ostracods, annelids, sediment, POM, Ruppia, Spartina and 503 Phragmites. Table 3 . Predicted diet proportions of P. varians and P. macrodactylus in mixed (A3, A5 and B3) and extensive (A7 and B7) ponds derived from an analysis of the isotopic signatures of consumers and common prey at Veta La Palma wetland using the mixSIAR Bayesian mixing model. Values are in units of percent contribution to total diet. The median diet proportion (M) are given along with 95% posterior intervals (CI); N = sample number; Proportions higher than 10% are shown in bold. Differences in the dietary proportions of a food sources between the two shrimp species are represented by ( a ) and ( aa ), which indicates that the median value of a food resource is not found at 90 and 95% CI, respectively, in P. varians between Mixed and Extensive ponds. ( b ) the median value of a food resource of a shrimp species in mixed ponds is not found within the 90% CI respectively, of that same food resource of the other shrimp species. Table 4 Predicted diet proportions of P. varians and P. macrodactylus in the studied months derived from an analysis of the isotopic signatures of consumers and common prey at mixed ponds of Veta La Palma wetland using the MixSIAR Bayesian mixing model. The median diet proportion (M) are given along with 95% posterior intervals (CI); N = sample number; Proportions higher than 10% are shown in bold. Differences in the dietary proportions of a food sources between the two shrimp species are represented by ( b ) and ( bb ), which indicate that the median value of a food resource is not found within the 90% or 95% CI, respectively, of that same food resource of the other shrimp. 
